###### Significance of this study

What is already known about this subject?
=========================================

-   In Spain, current pregnancy dietary guidelines are based on Mediterranean diet principles, and recommend a daily consumption of dairy products.

-   In order to control gestational weight gain, fat-free dairy products are recommended instead of full-fat dairy.

-   The impact of consumption of fat-free over full-fat dairy on adverse maternofetal events has yet to be elucidated.

What are the new findings?
==========================

-   A regular consumption of fat-free dairy products in pregnancy is not associated with a lower risk of gestational diabetes mellitus or an improvement in overall adverse maternofetal events.

How might these results change the focus of research or clinical practice?
==========================================================================

-   We found no evidence suggesting that having a higher consumption of fat-free dairy products is better for maternofetal health.

-   Furthermore, their intake seems to have a neutral effect on gestational weight gain.

-   Therefore, the current recommendations for pregnant women to consume fat-free dairy products in the context of a Mediterranean diet should be re-considered.

Introduction {#s1}
============

The optimal nutrition for pregnant women has not been completely defined. Adherence to a Mediterranean diet (MedDiet) in pregnancy seems to promote the health of the mother and her newborn. It has been associated with a lower incidence of gestational diabetes mellitus (GDM) and of other adverse pregnancy outcomes associated with both obesity and GDM.[@R1] Moreover, the adherence to six food targets based on the MedDiet is accompanied by a reduction in adverse events during pregnancy.[@R7]

The intake of milk and dairy products has been associated with an improved metabolic profile, lower rates of obesity, metabolic syndrome (MetS) and hypertension. However, the consumption of dairy products has not been found to reduce the rate of type 2 diabetes in our population.[@R8]

In pregnancy, calcium requirements are markedly increased, and consumption of dairy products is the norm. Dietary guidelines for pregnancy recommend the consumption of at least three servings/day of dairy products, in any of its forms.[@R9] Most pregnant women comply with this recommendation.[@R10] In addition, adequate gestational weight gain and a reduction in the intake of saturated fatty acids are important in pregnancy. Therefore, the intake of fat-free dairy products has been recommended. In our population,\<50% of women consume fat-free dairy products and \<26% fortified dairy products.[@R11]

In a previous study, we found no association between fat-free dairy products and the diagnosis of GDM---regardless of whether GDM diagnosis had been made following Carpenter-Coustan or the International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria.[@R9] Moreover, results regarding the association of fat-free dairy consumption with metabolic diseases are inconsistent. In fact, recent research suggests that full-fat dairy foods are more beneficial for the prevention of cardiometabolic diseases.[@R12]

Since 2014, the diet of pregnant women in our area of influence is based on MedDiet principles. Guidelines include a recommendation for consumption of at least three servings/day of dairy products, preferably fat-free or low-fat.

The aim of this study is to evaluate whether a high versus a low intake of fat-free dairy products---skimmed milk and fat-free yoghurt and cheese---improves the health of pregnancy, as determined by the rate adverse maternal, delivery and newborn outcomes. We hypothesize that a high consumption is beneficial for maternofetal health.

Research design and methods {#s2}
===========================

Study design {#s2-1}
------------

This is a prospective study using the St. Carlos pregnancy database. It includes women receiving medical care between 2014 and 2017. Part of this cohort of women has been used in two previously published studies.[@R1] For the present study, the sample was treated as a cohort and all women were clustered into the same group.

Briefly, these studies sought to evaluate whether an early nutritional intervention, based on MedDiet principles, can reduce the incidence of GDM in women with normal glucose tolerance (\<92 mg/dL) at the first gestational visit (8--12 gestational weeks (GWs)). Regardless of whether women had been randomized to a control or intervention group, all had been recommended ≥3 servings/day of dairy products (preferably fat-free to help control gestational weight gain).

All women signed a letter of informed consent.

Study population {#s2-2}
----------------

All pregnant women who attended the first gestational visit at 8--12 GWs and had a normal fasting serum glucose level (\<92 mg/dL) were invited to participate in this study. Participants received an early dietary intervention based on MedDiet guidelines, with emphasis on the importance of consuming daily at least 40 mL of extra virgin olive oil and a handful of nuts. All women were recommended ≥3 servings/day of dairy products---preferably skimmed milk, and fat-free yogurt and cheese.

All participants attended the same number of gestational visits 1 (8--12 GWs) and 2 (24--28 GWs). Prepregnancy dietary habits were referred to retrospectively and recorded at visit 1. Dietary habits during pregnancy---between 8--12 and 24--28 GWs---were recorded at visit 2.

Women who consumed ≥3 servings/day of dairy products in pregnancy (irrespective of the fat content) were included in this study. These women were then stratified into three groups according to their weekly consumption of fat-free dairy products during pregnancy. Dairy products included milk, cheese, yoghurts and any other dairy desserts or dairy-based products. These groups were labeled as 'regular', 'average' and 'infrequent'. Daily dairy intake was considered 'regular', whereas dairy intake 3--6 days a week was considered 'normal'. Dairy intake 1--2 days a week was labeled 'infrequent'.

Lifestyle assessment {#s2-3}
--------------------

Two questionnaires were used to evaluate the dietary habits of the women. The 14-item Mediterranean Diet Adherence Screener (MEDAS) was used to evaluate adherence to the MedDiet. It is based on 14 food items and was used to determine the 'MEDAS score'. A detailed description of the evaluation method is described elsewhere. In this questionnaire, only one item evaluates minimally the consumption of dairy products, in the form of creams, margarine and butter. The intake of \<1 serving/day is considered to be favorable.[@R17]

The Diabetes Nutrition and Complications Trial questionnaire was used to evaluate whether lifestyle was healthy as well as eating habits. It consists of 15 items, 12 food items and 3 items related to physical activity. This was used to obtain the 'Nutrition Score'. It was also used to evaluate the consumption of individual food groups. All dairy products---cheese, yoghurts and milk---were evaluated as a single food group. However, consumption of fat-free, low-fat and full-fat dairy products were evaluated separately. In addition, the intake of butter, creams, margarine and fortified dairy products was registered. All data were recorded according to frequency of consumption (days/week), regardless of how many servings/day were eaten.

Outcome measures {#s2-4}
----------------

The primary outcome of this study was to evaluate the effect of different degrees of consumption of fat-free dairy products in pregnancy on the risk of GDM and on a composite of adverse maternofetal outcomes.

### Outcomes {#s2-4-1}

The following maternal, delivery and neonatal outcomes were assessed:

-   Maternal: GDM (diagnosed according to IADPSG criteria), pregnancy-induced hypertension (≥140 mm Hg systolic blood pressure (sBP) and/or [\>]{.ul}90 mm Hg diastolic blood pressure (dBP) after 20 GWs), pre-eclampsia (≥140 mm Hg sBP and/or [\>]{.ul}90 mm Hg dBP with proteinuria ≥300 mg in 24 hours after 20 GWs), prematurity (\<37 GWs), urinary tract infections (number of events requiring antibiotic treatment) and cholestasis.

-   Delivery: caesarean delivery, shoulder dystocia and perineal trauma.

-   Neonatal: birth weight and height, large-for-gestational-age (\>90th percentile), small-for-gestational-age (\<10th percentile), cord blood pH\<7, Apgar score \<5, neonatal hypoglycemia (suspicion of hypoglycemia, confirmed by a glycemia of \<35 mg/dL), hyperbilirubinemia (suspicion of hyperbilirubinemia, confirmed by serum bilirubin \>18 mg/dL), respiratory distress and admission to a neonatal intensive care unit (NICU).

With this set of data, four models of a composite of adverse outcomes were evaluated:

-   Composite of maternal outcomes. Having ≥1 event: prematurity, pre-eclampsia, albuminuria, urinary tract infection, cholestasis and GDM.

-   Composite delivery outcomes. Having ≥1 event: caesarean section, shoulder dystocia and perineal trauma.

-   Composite of newborn outcomes. Having ≥1 event: small-for-gestational age, large-for-gestational-age, pH of cord blood, Apgar score, hyperbilirubinemia, respiratory distress, hypoglycemia and admission in NICU.

-   Composite of maternofetal outcomes. Having ≥1 composite of adverse maternal, of delivery and of newborn outcomes.

Statistical analysis {#s2-5}
--------------------

Categorical variables were expressed as frequencies and relative frequencies (%), and continuous variables as means and SD.

For categorical variables, comparison between groups were evaluated by the χ^2^ test. For continuous variables, the comparison between two means were analyzed using Student's t-test. The non-parametric Mann-Whitney U test was used if the quantitative variables would not adjust to a normal distribution. For more than two means, the one-way analysis of variance test was applied. The Shapiro-Wilk test was used to verify the normal distribution of data. The ORs for each categorical variable and 95% CIs were obtained from frequency tables. The group of reference was the 'infrequent' consumption group (1--2 days/week). Logistic binary regression analyses were performed to select the significant factors when variables were considered jointly in composite variables (0, no events and 1 at least one event) and were categorized by body mass index (BMI) (\<25 and ≥25 kg/m^2^) and by MEDAS score (above or below the median). The median in pregnancy was of ≤6.6 and \>6.6. A multivariable final model was categorized to assess the effect of the degree of consumption of fat-free dairy products on the risk of GDM and on four models of composite adverse maternofetal outcomes.

Logistic regression analyses were used to assess the unadjusted and adjusted effect of the consumption fat-free dairy products on the risk for GDM and a composite of adverse maternofetal outcomes. ORs and its 95% CIs were computed. The models were adjusted for age, ethnicity, family history of having of MetS, history of miscarriage, primiparity and level of education. Two-tailed p values were calculated, with p\<0.05 indicating statistical significance. Analyses were performed using SPSS V.21 (SPSS, Chicago, Illinois, USA).

Results {#s3}
=======

Of 2521 eligible women, 2004 (79.5%) consumed ≥3 servings/day of dairy products and, thus were included in the final analysis. This sample of women had an average age of 32.63±5.18 years, BMI of 23.3±4.0 kg/m^2^ and were predominantly of Caucasian origin (65.7%). Moreover, 850 (42.4%) were primiparous, 1310 (66.4%) held a university degree, 842 (42.1%) had a family history of having \>1 component of MetS, 686 (34.2%) had a history of miscarriage, and 156 (7.8%) were current smokers.

The demographic and clinical data of the women as stratified according to the degree of consumption of fat-free dairy products during pregnancy is shown in [table 1](#T1){ref-type="table"}.

###### 

Demographic characteristics and nutritional data of women, stratified by groups according to intake of fat-free dairy products in pregnancy

                                         Groups                                 
  -------------------------------------- ------------ ------------ ------------ -------
  **N (%)**                              1103         146          755          
  Age                                    31.9±5.4     33.4±5.0     33.6±4.6     0.001
  Race/Ethnicity (%)                                                            
   Caucasian                             659 (59.7)   52 (69.8)    555 (73.6)   0.001
   Hispanic                              406 (36.8)   5 (3.4)      185 (24.5)   
  Family history \>1 component of MetS   416 (37.8)   64 (44.1)    364 (48.0)   0.001
  History of miscarriage                 383 (34.7)   49 (33.6)    254 (33.6)   0.634
  Primiparous                            431 (39.2)   65 (44.8)    353 (46.9)   0.043
  Prepregnancy BW (kg)                   60.8±10.6    64.4±12.4    62.3±11.4    0.001
  Prepregnancy BMI (kg/m^2^)             23.2±3.9     24.4±4.7     23.3±4.0     0.004
  BW at 24--28 GWs (kg)                  62.7±11.0    66.3±12.6    64.6±11.5    
  Weight gain at 24--28 GWs (kg)         7.0±4.5      7.1±4.1      7.5±4.0      0.067
  BW at 36--38 GWs (kg)                  73.1±10.8    74.2±11.1    74.3±12.1    0.146
  Weight gain at 36--38 GWs (kg)         12.1±6.2     10.9±5.9     11.9±6.4     0.173
  University degree                      647 (58.7)   102 (69.8)   568 (75.3)   0.001
  Employed                               835 (75.7)   117 (80.1)   619 (82.0)   0.199
  Smoker                                                                        
   Never                                 630 (57.1)   81 (55.5)    420 (55.6)   0.917
   Current                               88 (8.0)     11 (7.5)     57 (7.5)     
  Prepregnancy MEDAS                     5.0±1.7      5.2±1.6      5.3±1.8      0.002
  Prepregnancy nutrition                 −0.4±3.0     0.7±2.9      1.4±3.1      0.001
  Pregnancy MEDAS score                  6.2±1.8      6.6±1.9      6.8±1.8      0.001
  Pregnancy nutrition score              1.0±3.2      2.9±3.0      4.4±3.1      0.001
  Consumption of dairy (days/week)                                              
   Fat-free                              0.1±0.6      3.8±1.0      7.0±0.5      0.001
   Low-fat                               4.1±3.4      4.7±3.3      1.7±3.0      0.001
   Full-fat                              5.0±2.7      3.4±2.7      3.0±2.9      0.001
   Fortified                             1.5±2.8      2.0±3.1      2.3±3.3      0.001
   Butter/Desserts                       1.5±2.2      1.3±2.1      1.0±1.9      0.001

Data are mean±SD or number (%). Regular: 7 days/week; average: 3--6 days/week; infrequent: 1--2 days/week.

P value denotes differences between groups analyzed with χ^2^ test or analysis of variance.

BMI, body mass index; BW, body weight; GWs, gestational weeks; MEDAS, Mediterranean Diet Adherence Screener; MetS, metabolic syndrome.

A higher consumption of fat-free dairy products in pregnancy was associated with older age, a family history of MetS, primiparity and having a university degree (all p\<0.05). It was also associated with higher nutrition and MEDAS scores (all p\<0.05). Moreover, weight gain during pregnancy (at 24--28 GWs and at 36--38 GWs) was not significantly different among groups.

[Online supplementary table S1](#SP1){ref-type="supplementary-material"} shows the rates of adverse maternofetal outcomes, according to consumption of fat-free dairy products in pregnancy. The higher the consumption, the higher the rates of Cesarean delivery and the lower the rates of admission to NICU. No other significant results were observed.
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[Figure 1A, B](#F1){ref-type="fig"} show logistic regression analysis for the probability of having GDM and a CMFO according to the level of consumption of fat-free dairy products. This analysis was performed in crude, and categorized by BMI and MEDAS score.

![OR of having (A) gestational diabetes mellitus and (B) a composite of adverse maternofetal outcomes, according to the level of consumption of fat-free dairy products in pregnancy. Logistic regression analysis comparing OR with the reference group (infrequent consumption, 1--2 days/week). Regular: 7 days/week; average: 3--6 days/week. BMI, body mass index; MEDAS, Mediterranean Diet Adherence Screener.](bmjdrc-2019-001145f01){#F1}

When categorized by the adherence to the MedDiet (above or below the median score), no significant associations were found between the frequency of consumption of fat-free dairy products and the risk for GDM ([online supplementary figure 1Sa](#SP1){ref-type="supplementary-material"}). However, both an average and regular intake were associated with an increased risk of having a composite of adverse maternofetal outcomes in those above the median score (OR: 2.48; 95% CI: 1.08 to 5.70 and 1.50; 1.01 to 2.22, respectively, both p\<0.05).

When adjusting for confounding factors, logistic regression analysis showed that the OR for a composite of adverse maternofetal outcomes was of 1.30 (95% CI: 0.77 to 2.19; p=0.328) for average intake and of 1.16 (95% CI: 0.88 to 1.54; p=0.294) for regular intake.

[Online supplementary figure S1](#SP1){ref-type="supplementary-material"} shows logistic regression analysis assessing the effect of the degree of consumption of fat-free dairy products on the risk of a composite of adverse maternal, delivery and newborn outcomes. A regular intake of fat-free dairy was associated with a lower risk of having a composite of adverse maternal outcomes, categorized by BMI ≥25 kg/m^2^ ([online supplementary figure 1Sa](#SP1){ref-type="supplementary-material"}). Moreover, an average intake was associated with the risk of having a composite of adverse delivery outcomes categorized by MEDAS score ≤6.6.

Discussion {#s4}
==========

This prospective study shows that the consumption of fat-free dairy products is not associated with maternofetal health benefits. In fact, the results indicate that women who had an average and regular intake of fat-free dairy products had more adverse maternofetal outcomes than those who rarely consumed them. To our knowledge, this is the first study that has evaluated the impact of consuming fat-free dairy products on adverse maternofetal outcomes.

In our sample, no associations were found between the consumption of fat-free dairy foods and the risk for GDM. A recent study found that circulating fatty acid biomarkers from dairy foods were associated with a lower incidence of diabetes.[@R12] Similar results were observed in another study, where the consumption of full-fat versus low-fat dairy was associated with a lower incidence of diabetes.[@R14] Therefore, consumption of full-fat rather than fat-free dairy products seems to play a role in the prevention of diabetes. Since GDM and type 2 diabetes mellitus share pathophysiological mechanisms, this evidence suggests that the consumption of full-fat dairy foods could also have a protective effect on the development of GDM.

The results of the present study indicated that the more frequent the consumption of fat-free dairy products during pregnancy, the higher the rates of caesarean section. In addition, women who had a higher intake of fat-free dairy ran a higher risk of having a composite of adverse maternofetal outcomes as compared with those who had an 'infrequent' intake. This was specifically observed when categorizing by a MEDAS score above the median, that is, in women who had a higher adherence to the MedDiet.

Current pregnancy guidelines recommend adherence to a MedDiet pattern and the consumption of fat-free dairy products. Thus, it is not surprising to observe that women who have a high adherence to the MedDiet also have a higher consumption of the latter. Moreover, results showed that a higher consumption of fat-free dairy products is associated with older women and the higher the education level. Both older age and a high education level are usually associated with a higher degree of compliance with dietary recommendations and an overall better quality of diet. This is in line with previous results.[@R7]

There is a lack of scientific evidence regarding the association of dairy food consumption in pregnancy with maternofetal health. Furthermore, there is little to no evidence on the implications of consuming either fat-free or full-fat dairy products for adverse outcomes. A single prospective cohort study of Norway has evaluated the consumption of probiotic milk on pregnancy outcomes, finding associations with a lower risk of pre-eclampsia.[@R18] However, these results are probably linked to the effect of the probiotic rather than the milk per se.

A recent systematic review and meta-analysis evaluated the effect of milk and dairy consumption on adverse maternofetal outcomes. It reported that, due to the dearth of available studies, no conclusions can be drawn as concerns premature deliveries. However, there seem to be trends in the association of maternal milk intake with fetal weight and health.[@R10] Moreover, in a prospective cohort study performed in a sample of Spanish women, the consumption of dairy products in the first half of pregnancy was linked to a lower risk of small-for-gestational-age newborns.[@R19] Similar results were observed in another prospective cohort study, where the consumption of dairy protein seemed to exert favorable effects on the newborns' birth weight, and was associated with a lower risk of low birth weight.[@R20] However, there is no information on the effect of dairy intake on other adverse maternofetal outcomes.[@R10]

Whether fat from milk and dairy products can be harmful, because of its high content in saturated fatty acids, is controversial. However, recent studies have found that the intake of full-fat dairy products has either a neutral or a beneficial effect on weight and cardiometabolic diseases.[@R15] Furthermore, no studies in humans have found better health outcomes in persons consuming fat-free/low-fat dairy products as compared with those consuming full-fat dairy foods. In fact, a body of evidence suggests rather the opposite.[@R12] However, the inconsistencies in the evidence make it difficult to recommend full-fat over low-fat dairy foods or vice versa. Similarly, we have found that the consumption of fat-free dairy products showed no benefit on gestational weight. This finding would question current recommendations of fat-free dairy products during pregnancy.

Currently, dietary guidelines for the general population as well as those specifically targeting pregnant women recommend the consumption of fat-free dairy products. They focus more on fat modification rather than the type of dairy (milk, yoghurt or cheese). However, evidence indicates that the impact on overall health differs depending on which type of dairy food is consumed.[@R24] The intake of low-fat or full-fat dairy has not been strongly associated with beneficial or harmful effects. However, fermented dairy products have been associated with improved cardiovascular health, and reduced risk of onset of type 2 diabetes.[@R25] Moreover, results from the National Heart, Lung and Blood Institute\'s Framingham Heart Study Offspring Cohort revealed that cheese intake was associated with a dose-response inverse association with incident type 2 diabetes.[@R28] Therefore, evidence suggests that the beneficial effects of consuming dairy produce could be more associated with food type (fermented dairy produce such as yoghurt and cheese) rather than fat modification (fat-free or full-fat).

An important limitation of this study is the fact that the stratification into different degrees of consumption of fat-free dairy products was done despite the possibility of a parallel intake of other dairy products with a different fat content (low-fat or full-fat). This means that it could be possible for some women to be consuming both low-fat and full-fat dairy products. Another limitation is that in the questionnaire used, milk, cheese and yoghurts were all grouped in the same food group of 'dairy products'. Therefore, it was not possible to differentiate between different dairy food types. This is important given that intake of yoghurts with probiotics and fermented dairy products such as cheese have been associated with improved health outcomes.

Conclusions {#s5}
===========

The consumption of fat-free dairy products is not associated with maternofetal health benefits. More studies need to be conducted to evaluate the effect on pregnancy outcomes of fat-free versus full-fat dairy produce consumption. Furthermore, future studies should be designed to distinguish the potential independent effects of specific dairy foods on maternal and fetal health.
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